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ABSTRACT 
Comparative Analysis of Body Composition and Reference Values of Visceral Adipose 
Tissues in Various American Collegiate Sports 
 
Eshan Manoj Dandekar 
 
Background: Currently, body composition (BC) assessment is usually performed to diagnose 
disease states and accurately estimate certain types of tissues.  In athletes, performing BC 
assessments helps gauge training and nutrition programs to see if they are adequately meeting the 
athlete’s needs to improve performance. Annual Dual Energy X-ray Absorptiometry (DXA) 
scans before the start of an athlete’s season can help identify an athlete’s preparedness or health 
before training begins. 
Objective: To assess the preseason BC of four collegiate sports: Men’s basketball, men’s 
baseball, women’s volleyball, and women’s soccer, for Fat Mass (FM), bone mineral density 
BMD), Fat-Free Mass (FFM), and visceral adipose tissue (VAT). 
Methods: DXA (Lunar iDXA, GE Healthcare) scans were performed before the start of pre-
season training for Men’s Basketball, Baseball, Women’s Volleyball, and Women’s Soccer. 
End-season DXA scans were performed after the end of the regular season for Men’s Basketball 
and Baseball athletes. Visceral Adipose Tissue was measured using CoreScan software provided 
by GE and Fat Mass Index (FMI) and Fat-Free Mass Index (FFMI) were calculated from 
scanned values.  
Results: Between the various sports, there were several significant differences that were 
apparent. Height and percentage of Fat Mass (%BF) were significantly different between all 
sports except Women’s Volleyball and Women’s Soccer. BMI, VAT, and FFMI were 
significantly different between males and females.  Changes over a season showed increased 
BMD in Men’s Basketball (2.79 to 2.99 Z-score, pre to end of season scan respectively; p < 
0.001). No other observations were noticed to be significant.  
Conclusions: Sports-specific training and sex have large influences on the body composition of 
athletes.  FMI and FFMI are two indices that may have a stronger indication to health than 
parameters considered for those who are sedentary and non-active.  Female athletes have little to 
no amounts of VAT and this warrants further investigation. 
Keywords: Body composition, DXA, Athlete  
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1. Introduction 
Body composition (BC) may estimate athletic performance.  Training, nutrition, and 
overall health contribute to the restructuring of the human body to withstand the demands of 
athletic competition.  Physiological adaptations result in the changes in the amount of muscle, 
bone, and fat on the body.  The resulting appearance of an athlete stems from the demands of the 
sport and can indicate performance capacity. The study of BC has been widely used to assess the 
performance capacity of athletes (Bosch et al., 2014). Adverse changes in body weight or 
physiological structures can hinder performance, depending on the sport.  With the recent trends 
in overweight individuals and the obesity epidemic in the US, the health of our athletes may be 
of  concern (Ogden et al., 2006; Ogden, Carroll, Kit, & Flegal, 2014).   
BC is constantly discussed and scrutinized because of the effects on the performance and 
health of the athlete (Bosch et al., 2014). Studies on BC have been conducted to observe fat-free 
mass (FFM) and fat mass (FM), to understand baseline values and monitor changes from an 
intervention or over time (Ballard, Fafara, & Vukovich, 2004; Bolonchuk, Lukaski, & Siders, 
1991; Bosch et al., 2014; Carbuhn, Fernandez, Bragg, Green, & Crouse, 2010; Hoffman, Fry, 
Howard, Maresh, & Kraemer, 1991; Hunter, Hilyer, & Forster, 1993; Latin, Berg, & Baechle, 
1994; Penn et al., 1994; Santos et al., 2014; Stanforth, Crim, Stanforth, & Stults-Kolehmainen, 
2014).  To date, studies continue to be conducted to examine BC of athletes and non-athletes at 
various ages. 
Within BC assessments, there are different methodologies for measuring the different 
tissues that are of interest.  From the 1950s to the late 1990s, densitometry was the most 
prevalent method and most frequently used method for measuring BC (Heymsfield, 2005; 
Heyward & Wagner, 2004) having standardized the “whole-body density model” (Brožek, 
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Grande, Anderson, & Keys, 1963; Dupertuis, Pitts, Osserman, Welham, & Behnke, 1951; 
Jackson & Pollock, 1978; Mitchell, Hamilton, Steggerda, & Bean, 1945).  Today, with the 
improvements and advancements of technology, other methods have been developed that are: 
less stressful on the person being tested (e.g. BodPod), able to assess total body water (BIA and 
doubly labeled water), and provide more detailed measurements (Dual Energy X-ray 
Absorptiometry [DXA], Computed Tomography [CT], Magnetic Resonance Imaging [MRI]) 
(Heymsfield, 2005; Heyward & Wagner, 2004).  Before 2000, the hydrodensitometry method of 
measuring BC was considered the gold standard. Today, many consider DXA as the new gold 
standard at measuring BC (Heymsfield, 2005; Heyward & Wagner, 2004).  Thus, the objectives 
of this thesis are to use DXA technology on college-aged student athletes to determine: 
I. Preseason differences in BC between Men’s Basketball, baseball, women’s 
volleyball, and women’s soccer. 
1. Hypothesis 1: DXA total body FM will differ between all sports examined 
for this study. 
2. Hypothesis 2: DXA total body FFM will differ between all sports. 
3. Hypothesis 3: DXA total body percentage of FM (%BF) will differ 
between all sports 
4. Hypothesis 4: DXA total body BMD will differ between all sports. 
5. Hypothesis 5: DXA derived total weight of VAT will be lower in 
endurance-based sports. 
6. Hypothesis 6: DXA derived total weight of VAT will be lower in student-
athletes with lower total body %BF. 
3 
 
II. Changes of BC over a course of a competitive season in men’s basketball and 
baseball. 
1. Hypothesis 1: DXA derived total body FM will be lower in end-season 
scans in MBB and BSB. 
2. Hypothesis 2: DXA derived total body FFM will be lower in end-season 
scans in MBB and BSB. 
3. Hypothesis 3: DXA derived total body BMD will not change over-the-
season in MBB and BSB. 
4. Hypothesis 4: VAT accumulation will be significantly higher in end-
season and over-the-season in BSB than MBB.   
Preseason DXA scans of NCAA Division-I Men’s Baseball, Men’s Basketball, Women’s 
Volleyball, and Women’s Soccer student-athletes were completed to observe the effects of 
various exercise-modes on BC outcomes (FFM, FM, Bone Mineral Density [BMD]; in absolute 
and relative terms). These measurements include visceral adipose tissue (VAT), which is a fat 
depot that is not well studied in athletes.  Seasonal changes in BC was also observed for sport 
specific changes in BC between baseball and men’s basketball.   
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2. Review of Literature 
Performance can be measured by tests and challenges that examine a human’s mental, 
emotional, and physical abilities.  A good example of testing physical performance is the 
Olympic games.  This month-long tribute, to physical performance, tests and records the 
human’s ability to perform better than previous years and generations.  Occurring every four 
years, athletes train beyond what typical humans do every day, practicing nearly every day of the 
week, for multiple hours a day.  Although some of these athletes have been training and 
practicing since their adolescences, physiological changes have allowed them to adapt to the 
training and become more efficient in their sport.  Many of the physiological adaptations 
manifest as changes in phenotypic characteristics. These characteristics can be grossly described 
as body size, body shape, musculature, or amount of observable adiposity of the body.  Studying 
these characteristics can be useful in understanding how the training influences the body or if the 
athlete is healthy and progressing through training. Investigating the BC of an amateur can help 
compare his/her performance outcomes to the body type of a successful professional athlete. 
The study of BC encompasses the observation of phenotypic characteristics.  BC can also be 
used to observe the body’s restructuring and retention of nutrients from the environment 
(Heymsfield, 2005). Measuring BC must follow the simple rule of: all measurements must sum 
to the whole.  In other words, the body weight (the whole) must equal the sum of all the organs 
and organ systems.  Today, measuring organ size is possible, yet investigators in the past did not 
have the technology or resources to be able to measure organs without harming the subject.  
Indirect measuring was devised to work around this problem.  For example, measuring waist 
circumference was often a method used to estimate the total amount of fat on the body.  When 
studying the BC of athletes in relation to performance, it may be more difficult to measure some 
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parts, or compartments, of the body by using circumferences alone. Compartments such as bone 
mineral, certain fat depots, and musculature, which all have a strong influence on athletic 
performance, is better assessed through today’s technology.  By repeating measurements on an 
athlete over time, physiological adaptations can be observed; initial measurement of BC of 
athletes can reveal how prepared their body is to the sport/physical activity, and whether 
additional training is required. 
In the fields of exercise physiology, nutrition, and applied physiology (and their associated 
sub-specialties), studying BC can track progress and help understand changes in the body’s 
ability to adapt to stressors.  Primary outcomes that have been observed are fat mass (FM) and 
fat-free mass (FFM). With the advancement in technology, the availability of certain methods to 
measure BC has allowed observation of bone mineral.  These three compartments have been 
known to readily change due to modifications in nutrition, training, and lifestyle modifications.  
The following literature review will explore the compartments of interest and methods for 
measuring BC.  This review will also highlight the gaps in the literature and will address topics 
that must be further investigated.  
2.1.  Compartments of interest 
2.1.1. INTRODUCTION 
The first whole-body compositional analysis at the molecular level (discussed later) was 
reported by Mitchell et al. (1945) (as cited from Heymsfield et. al., 2005).  This early in vivo 
method was only capable of estimating different compartments with underlying assumption that 
certain molecules had uniform weight (Heymsfield, 2005). Current popular BC methods 
commonly measure changes in three major tissue types: fat, bone, and non-fat tissue, to quantify 
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adipose tissue, skeletal tissue, and skeletal muscle tissue, respectively, and better understand 
their interrelationship with health and performance. 
2.1.2. FAT MASS (FM) 
The compartment of fat mass (FM) encompasses the tissue system of adipose tissue (AT), 
an endocrine organ (Sherwood, 2015). AT is comprised of various cell types to aid in the 
hormonal regulation of appetite, thermoregulation, insulation, and storage of energy (Abraham, 
Pedley, Massaro, Hoffmann, & Fox, 2015; Ibrahim, 2010).  AT is made of adipocytes, other non-
fat cells, connective tissue matrix, vascular tissues, neural tissues, fibroblasts, preadipocytes, 
immune cells, and inflammatory cells (Ibrahim, 2010).  Adipocytes are the main cell type that 
make up AT and their primary function is to store energy as triglycerides (Ibrahim, 2010).  
Adipocytes are cells to store fats and lipid molecules in the post-prandial state, while they are 
still highly vascularized and accessible (Ibrahim, 2010).  Once these adipocytes retain a certain 
amount of triglycerides, they exceed the normal physiological size and become dysfunctional 
(Ibrahim, 2010). Large adipocytes lose their ability to release triglycerides and do not respond to 
hormonal cues (Ibrahim, 2010).  Depending on their location, these adipocytes can cause harm 
over time. 
Adipocyte location varies on the amount of triglycerides stored in the body.  For BC 
assessment, two types of FM are considered, the subcutaneous adipose tissue (SCAT) and 
visceral adipose tissue (VAT).  SCAT is the depot of adipocytes that lies directly beneath the 
skin, across the entire body (Ibrahim, 2010).  Depending on sex and genetic factors, certain 
regions of the body will have more SCAT than others; men tend have more on their abdomen, 
back, and arms, while women tend to have more in the gluteal and thigh regions and more 
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overall distribution. When these depots become saturated or overall body FM reaches a 
threshold, FM begins to accumulate in the abdominal cavity covering the mesentery, omentum, 
and viscera (Ibrahim, 2010). This accumulation of FM in the abdominal cavity is called VAT.  
Seminal studies have found that SCAT and VAT vary between sex, race, and ethnicity 
(Bidulescu et al., 2013; Blaak, 2001). Additionally, the amount of VAT in an individual can be 
predicted based on the amount of SCAT since it correlates with the amount of VAT (Bosch et 
al., 2015a). Observations show that men have proportionally higher VAT than women 
(Heymsfield et. al.,Bosch, Dengel, Ryder, Kelly, & Chow, 2015b; 2005; Miazgowski et al., 
2017). Sexual dimorphisms of VAT accumulation begin during puberty and increase over time 
with age (Enzi et al., 1986). The patterns in VAT amounts are similar to patterns in 
cardiovascular risk between genders (Bosch et al., 2015a).   
While these depots vary in amounts, the accumulation of FM is highly dependent on the 
fitness level and energy expenditure of the individual.  The excessive accumulation of fat from 
reduced physical activity, sedentary lifestyle, excess energy intake, or hormonal dysregulation 
can result in obesity.  Obesity is diagnosed when an individual’s body mass index (BMI) is 
greater than or equal to 30 kg/m2, this is the weight divided by the square of the height (more 
details provided in Section 2.2.2.).  The opposite trend, where accumulation of FM is very low, 
can be due to a highly active lifestyle, high physical activity, low energy intake, or hormonal 
dysregulation. Athletic populations tend to have lower FM than non-athletic individuals 
(Sonksen, 2016).  Table 2.1 tabulates the differences and recommended ranges of FM for various 
populations as a percentage of total body weight (Lohman, Houtkooper, & Going, 1997).  There 
are various methods for measuring FM which will be discussed in later sections and this table 
(Table 2.1) includes values from various methods of analysis. 
8 
 
 
Table 2.1 Body Fat Percentages for Standards of Health in Men and Women 
 
 
 
 
 
 
 
 
 
2.1.3. SKELETAL-TISSUE/BONE 
The compartment of bone mineral content/density (BMC/D) is skeletal tissue, or bone, 
which is the organ system that gives the body its structure.  The primary functions of the skeletal 
system include the transmission of forces from one part of the body to another, protection of vital 
organs, storage of minerals, some endocrine functions, and hematopoiesis (Martin, 2015).  Bone 
can be divided into two subtypes of histological appearance and structure: cortical and 
cancellous bone.  The former being the type that makes the long shafts and the latter being the 
porous structure seen at joints and in cuboidal bones.  The molecular components of bone by 
weight are 70% mineral (crystalline apatite of calcium phosphate; and hydroxyapatite of 
strontium, lead, carbonate, and fluoride), 20% organic matrix (90% collagen, specifically Type I, 
III, and IV collagen, and 10% non-collagen species like chondroitin), 5% water, and 5% fats 
 LOW MID UPPER 
Men – Non-active    
Young adult 8 13 22 
Middle Age 10 18 25 
Elderly 10 16 23 
Men – Active    
Young Adult 5 10 15 
Middle Age 7 11 18 
Elderly 9 12 18 
Women – Non-Active    
Young Adult 20 28 35 
Middle Age 25 32 38 
Elderly 25 30 35 
Women – Active    
Young Adult 16 23 28 
Middle Age 20 27 33 
Elderly 20 27 33 
Adapted from (Lohman et al., 1997) 
 
9 
 
(Martin, 2015).  Increasing the mineral amount can create stiffer bones that are more resistant to 
fracture and injury.   
The mass of total BMC is highly dependent on sex, ethnicity, nutritional intake, and 
fitness level. As discussed by Heymsfield (2005), a dry-defatted skeleton weighs 4.0 and 2.8 kg 
for a young male and female, respectively, which corresponds to 6-7% of the total body weight.   
Bone mineral composes 4 – 5% of the body mass in adults. As seen in Table 2.2, Trotter and 
Hixon (1974) have reported BMC between different American races and genders.  Currently, 
only a few ethnicities, races, and populations have averages/standards in bone mineral 
measurements established for their respective groups. 
Table 2.2 Bone Mineral Content of Various Populations 
Population Bone Mineral Content 
Black male 3899g 
White male 3446g 
Black female 2846g 
White female 2335g 
 
Changes in bone mineral occurs during the growth of an individual. The majority of 
mineral deposition and calcium absorption occurs during the pubertal phase but increases and 
peaks in the late 20s to early 30s. For BC measurement, quantifying bone tissue, in vivo, was 
previously difficult to accomplish until technological advances streamlined the process making it 
more feasible (Heymsfield, 2005).  Past studies that used bone sections and radiographs have 
elucidated variability in BMC and BMD with age, sex, ethnicity/race, and physical fitness levels 
The table demonstrates that bone mineral content in males is significantly higher than females and that race is a 
factor in basal content.  This information was adapted from Trotter and Hixon (1974). 
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(Heymsfield, 2005; Malina, 2007).  The loss of bone can cause frailty, as seen in those 
individuals with osteopenia or osteoporosis. These disease states are the significant and extreme 
loss of bone mineral that makes the bone more porous and prone to fractures.  Identifying 
osteoporosis was not feasible prior to the late 1980s due to the lack of the necessary equipment 
and technology.  In 1988, the FDA approved the dual energy x-ray absorptiometry (DXA) for the 
diagnosis of osteoporosis and measurement of bone mineral. Advancements in technologies, 
such as DXA and dual photon absorptiometry (DPA), have helped make studies on BMC and 
BMD measurement easier to complete (Heymsfield, 2005).   
2.1.4. SKELETAL MUSCLE 
Skeletal muscle is part of the musculoskeletal system of the human body.  It comprises 
greater than 45% of body weight.  All skeletal muscles are striated muscle, meaning that the 
organization of the cells of the muscle are visible to the naked eye as observed striations. The 
functional component of the muscle is called the sarcomere, in which cross-linked proteins pull 
across each other to generate force.  The molecular components of skeletal muscle are 75% 
water, 20% proteins, and 5% other minerals, fats, carbohydrates, and inorganic salts (Frontera & 
Ochala, 2015).  Skeletal muscle allows movement, stabilizes body positions, moves fluids 
throughout the body (lymph, blood, and chyme), and regulates body heat (Sherwood, 2015).   
Without training, natural musculature varies between race, ethnicity, and sex. In general, 
men have higher muscle mass than women, athletes have more than non-athletes, and active 
individuals have more than sedentary individuals.  But there is currently no recommended range 
of musculature because it is highly dependent on the needs of the individual. High musculature is 
associated with greater strength, increased resting energy expenditure (REE), higher insulin 
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sensitivity, stronger cardiovascular and pulmonary systems, etc. (Frontera & Ochala, 2015; Lee, 
Hsieh, & Paffenbarger, 1995; Paffenbarger Jr, Hyde, Wing, & Hsieh, 1986).  For BC, measuring 
skeletal muscle was limited in the past because it was difficult to extrapolate skeletal muscle 
values with old technologies.  With the advents of X-ray and magnetic resonance imaging 
methods, skeletal muscle measurements are more feasible (Heymsfield, Adamek, Gonzalez, Jia, 
& Thomas, 2014; Kim et al., 2004; Kim, Wang, Heymsfield, Baumgartner, & Gallagher, 2002). 
Previous methods estimated skeletal muscle amounts based on fat-free mass (FFM) (which 
included bone mass as well) when densitometry and other methods measured for FM and FFM. 
For the purposes of this study, FFM is considered primarily skeletal muscle and bone, however it 
is important to note that FFM is actually a all of tissues and organ systems except FM. 
2.2. Normal Reference Values 
Over the last 30 years, the US has seen a 23% increase in overweight and obese 
individuals (Ogden et al., 2014).  This increase in the prevalence of overweight and obese 
individuals has led to a change in the ‘average’ body size to a larger body size.  Epidemiological 
studies primarily use methods of whole-body measurements (described in Section 2.2.2).  
Normal values have been established from various seminal studies and reference bodies, which 
have been used to estimate body weight distribution.  
 Over the last few decades, there have been improvements in the technology to accurately 
measure and distinguish the composition of elements, molecules, tissues, organs, and organ 
systems in the body. These new technologies range in precision, cost, invasiveness, and 
availability.  Section 2.4 will provide details about different BC methods in the tissue-system and 
whole-body models. 
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2.2.1. ACCEPTABLE NORMAL VALUES 
In the following sections, values for “healthy BC” will be provided for each method, as 
different methods use different scales. Regardless of the method, the compartment that is being 
measured usually has a universal scale that can be referenced.  With increased attention to body 
adiposity, or amount of FM on the body, studies have indirectly derived a range of what is 
considered healthy body adiposity.   Percentage of FM to body weight (%BF) can be used 
synonymously with body adiposity and an article by Lohman et al. (1997) has re-identified this 
range for young men’s BF% which is between 8 and 22% and for young women’s is 20 -35% for 
healthy non-athletic adults (see Table 2.1).  %BF, or the relative amount of adipose tissue, can be 
dependent on various factors although in most cases it is due to excessive energy intake.   
Skeletal tissue, or bone, is another tissue system that can be measured. Studies have 
identified total mineral content differences that may be due to differences in sex and race (see 
Table 2.2) (Trotter & Hixon, 1974).  The remaining tissues of skeletal muscle, organs, hair, body 
water, etc. are all highly variable and that is the reason why studies are measuring these 
outcomes.  When referencing fat-free mass, also known as lean body mass, we are including 
bone and all the tissues other than fat that can be measured. 
2.2.2. BODY MASS INDEX (BMI) 
Due to the rising obesity epidemic, researchers and health professionals have increased 
the use of body mass index (BMI) as a simple and effective tool for whole body measurement in 
human populations (Wang, Heshka, Pierson, & Heymsfield, 1995; Wang, Ma, Pierson, & 
Heymsfield, 1993; Wang, Pierson, & Heymsfield, 1992). However, this has proven to be less 
useful in more recent years; the distribution of fat mass (FM) and fat-free mass (FFM) has 
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revealed the inaccuracies of using BMI as a measurement of health among active populations.  
Though BMI can potentially classify individuals with inaccurate measures of health, they 
continue to be widely used to this day. 
The Quetelet Index was developed in 1835, based upon Adolphe Quetelet’s study on 
human population that “weight increases nearly as the square of the height” within a normally 
distributed population (Eknoyan, 2008). The practical use of Quetelet findings changed into the 
currently used phrase of BMI (coined by Ancel Keys in the 20th century), which was used by 
insurance agencies to calculate mortality risk to establish insurance premiums (Eknoyan, 2008).  
Since its debut, the use of BMI has been widely used to determine health and relative risk of 
morbidity and mortality. Table 2.3 provides detailed values of the “Quetelet Index and BMI 
classifications.”  
Table 2.3 Quetelet or Body Mass Index 
 
 
 
 
 
 
While this table is able to describe the ratio of mass to height and its possible 
disproportionality, it does not discriminate between fat- and muscle-tissue mass among 
individuals. More recent research also shows that being overweight potentially has a lower 
relative risk for mortality (Flegal, Kit, Orpana, & Graubard, 2013; Kopelman, 2007; Lee, Blair, 
Value (kg/m2) Classification 
< 18.5 Underweight 
18.5 – 24.9 Normal 
25.0 – 29.9 Overweight 
30.0 – 34.9 Obese: Class 1 
35.0 – 40.0 Obese: Class 2 
> 40.0 Morbidly Obese 
The various classifications of BMI were designated by the National Institute of Health in June 
1998. These guidelines changed the classifications of overweight and obese to what they are 
today. Table is adapted from (National Heart & Institute, 1998). 
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& Jackson, 1999; National Heart & Institute, 1998) and improved outcomes in certain disease 
states (e.g. chronic kidney disease).   
Assessment using only height and weight is an efficient way to evaluate a person’s health 
status without using methods that may be expensive, time-consuming, or invasive.  However, the 
sensitivity and reliability of using BMI changes between populations (i.e. ethnicities and fitness 
level) and may lead to error and inaccurate classification of an individual’s level of health risk. 
More effective methods have been developed not only to explore populations but to understand 
the changes in BC due to variation between individuals. 
2.3. Criteria to Analyze BC 
Starting in the early 1900s, BC measurement was used when analyzing various organ 
weights in fetuses and infants (Ellis, 2000). It was during the 1950s – 1970s that cadaver 
analyses of adults were performed to understand BC (Ellis, 2000). Since then, chemical and 
molecular analyses of whole bodies have been conducted as well. It has been noted that the 
“chemical composition of the body’s various tissues is relatively constant among individuals, 
although not constant from birth,” (Ellis, 2000).  
2.3.1. SYSTEMS 
Wang et al. (1993) summarizes how the analysis of BC can be performed through five 
system models of analysis: 1) atomic, 2) molecular, 3) cellular, 4) tissues/functional, and 5) 
whole body.  In some of these systems, it is easier to measure within a single system model than 
across multiple systems. For instance, the atomic system model can be measured by using 
potassium-40 counting or delayed gamma neutron activation techniques, which will measure the 
elements present in the body (Wang et al., 1992).  In current studies, there is an overlap of 
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different systems to identify BC as the particular outcomes are related to morbidity or evidence 
of adaptation. Figure 2.1 shows the different outcomes that each system can exhibit and the 
outcomes that researchers are interested in observing.  
 
Figure 2.1 Compartments Within Each System Model. 
2.4. Methods of Assessing Body Composition 
In a body composition lecture by the International Society for Clinical Densitometry 
(ISCD), known methods were scrutinized based on their approach to measuring outcomes, this 
was organized based on how the method had referenced and validated their results (ISCD, 2017; 
Martin & Drinkwater, 1991b).  Level 1 validation is a direct measurement of the tissue without 
the use of an assumption(s) (e.g. dissection) (Martin & Drinkwater, 1991a). An assumption: is 
the use of a value or known amount of an outcome to help calculate or measure the other 
outcomes of interest.  Level 2 validation is a direct or indirect measurement of the tissues with 
one or more assumptions of tissues (Martin & Drinkwater, 1991a). Level 3 validation is a double 
indirect measurement that uses a level 2 validated method as a validation method (Martin & 
Drinkwater, 1991a).  Recognizing that not all methods are equal, selecting a specific method 
requires an understanding of the variables being studied. 
This image depicts the various compartments that can be measured in the different systems. ECS, Extracellular 
solids; ECF, Extracellular fluids. Taken from Ellis (2000). 
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2.4.1. HYDRODENSITOMETRY  
During the 1950’s, researchers shifted their focus to understanding the BC of men in 
order to appropriately classify them into different body shapes and sizes. One approach was to 
measure the specific gravity of the body by submerging the entire body in a tank of water 
(Dupertuis et al., 1951).  This was one of the first studies to use underwater weighing (UWW) 
(also called hydrodensitometry, HD) to measure body density, which is the basis of calculating 
FM and FFM.  From the 1960s to 2000s, UWW has been the “gold standard” for measuring 
BC(Ellis, 2000; Heymsfield et al., 2015; Pietrobelli, Heymsfield, Wang, & Gallagher, 2001).  
UWW/HD is a 2-Compartment model (2C), as it first measures body density, a whole body 
system compartment, and then inputs this value into a formula which provides information on 
the true compartments of FM and FFM for a certain population (see Figure 2.2) (Ellis, 2000). 
This method is considered a Level-2 validated method for it uses assumptions on the densities of 
FM and FFM (Martin & Drinkwater, 1991a)   The consistency in use of this method has led to a 
variety of regression equations for different populations (Heyward & Wagner 2004) as well as 
the obvious criticism of “the validity of a constant density for the compartment of FFM” (Ellis, 
2000).  FFM may be dependent on a variety of factors such as gender and ethnicity (Cote & 
Adams, 1993), age, disease state, or physical activity level (Heymsfield et. al.,1993). This is 
because FFM is made up of water, protein, minerals, and fats and has been observed to change 
due to these factors previously mentioned. 
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Figure 2.2 Hydrodensity Equations 
2.4.2. SKINFOLD 
Skinfold measurement (SKF) is a 2C-model for assessing FM and FFM by measuring the 
SCAT via skin thickness. The use of this method was popularized in the late 1970s after the 
Jackson-Pollock equation was created (Jackson & Pollock, 1978).  These original equations were 
based off of a 2C Siri model that was used often in hydrodensitometry measurements (Jackson & 
Pollock, 1978; Jackson & Pollock, 1984, 1985).  
This method is considered a Level-3 validation, as it validates its measurements on a 
method that already has assumptions (UWW, HD, DXA). In 2009, Jackson et. al. recalculated 
variables in their equations to fit the population for present day Americans to account for 
different ethnicities and races. This study also utilized dual energy X-ray absorptiometry for 
validation instead of hydrodensitometry to address use of the new gold standard in body 
composition. Skinfold measurements can be quick, relatively painless, non-invasive, and low in 
cost to use. Inaccuracies with this method are from: mastery/experience of the technician using 
the calipers, hydration status of the individual being measured, and differences in ethnicity, race, 
and fitness status of the individual.  While this method is useful for low cost and quick 
assessments, SKF is not appropriate when precision and objective measurement is necessary. 
These equations represent the mathematical process to calculate body density (Db) to then calculate FM 
and FFM.  The bottom formula is simplified equation to calculate body volume from hydrodensity 
measurements. Mb = Body Mass. Vb = Body Volume. Wa = Body Weight in air. Ww = Body Weight in 
water. Dw = Density of water at specific temperature. 
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2.4.3. AIR-DISPLACEMENT PLETHYSMOGRAPHY  
Air Displacement Plethysmography (ADP) is conceptually similar to UWW in that it is a 
2C model and measures body density via measuring body volume (Heyward & Wagner,2014). 
The difference is the method to measure body volume.  ADP uses air instead of water as the 
medium for measurement.  Therefore, it is not using Archimedes’ buoyancy principle but instead 
uses Boyle’s law as its underlying principle (Heymsfield et. al., 2005; Heyward & Wagner, 
2004).  The energy system within the chambers is kept at a constant temperature with no transfer 
of heat (adiabatic), thus Poisson’s Law is used instead  (Figure 2.3) (Heyward & Wagner, 2004). 
 
Figure 2.3 ADP Equations. 
 
 
ADP uses an egg-shaped chambered device that has two chambers of known volume.  A 
person will be in skin-tight/conforming apparel and sit in the large chamber, thus displacing a 
volume of air.  An oscillating diaphragm will change the pressures between the two chambers to 
calculate the displaced volume (Heysmfield et. al., 2005).  Similar to UWW, this methodology 
does not consider the ethnicities, fitness status, or amount of hair on the body of the subject, 
which can change the measurement of underlying assumptions used in this method.  Unlike 
UWW, the participant will not have to uncomfortably expel air while underwater but may be 
subject to claustrophobic space.  This method uses assumptions for the densities of tissues and is 
The top equation is Boyle’s Law. This is when we are in isothermal conditions.  The bottom equation is 
Poisson’s Law. This is equation used under adiabatic conditions. P1, V1 = one paired condition. P2, V2 = 
second paired condition.  = ratio of the specific heat of the gas at constant pressure to the constant volume. 
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similar to UWW, this BC method is given a Level-2 validation as mentioned by ISCD.  It should 
be noted that the stand-alone measurement of FM and FFM by the ADP system can have 
inaccuracies due to the equations used once whole body density is measured (i.e. Siri 2C for 
whites and Schutte 2C for blacks).  
An observed difference of -4.0% to 1.9% %BF is seen when ADP is compared to UWW. 
When ADP is compared to the four-compartment (4C) model – which includes DXA – there is 
an over estimation of %BF by 1.8 to 2.8% (Heymsfield, 2005; Heyward & Wagner, 2004). 
However more recent evidence has shown improvement in accuracy when compared with DXA 
alone (Ballard et al., 2004). When ADP is combined with DXA in a 4C model, it further 
improves the accuracy of FM measurement (Heyward & Wagner, 2004). 
2.4.4. BIOELECTRICAL IMPEDANCE ANALYSIS 
Bioelectrical Impedance Analysis (BIA) is completed by sending an electrical current 
through the body and analyzing the impedance (Heyward & Wagner, 2004; Moon, 2013; Zemel 
& Barden, 2004).  By measuring the impedance, it is also possible to estimate the total body 
water due to the electrolytes present in the water content of the body. By utilizing this 
information, it is possible to estimate FM and FFM as the resistance in FFM is less due to the 
higher water content when compared to the FM’s low water content (a poor conductor of 
electricity) (Heymsfield et. al., 2005; Heyward & Gibson, 2014; Heyward & Wagner, 2004; 
Malina, 2007).  The underlying assumptions that make this method work are that FFM is made 
up of ~73% water, the measure of resistance and impedance is based on the figurative idea that 
the human body is made up of cylinders (Heymsfield et. al., Ellis, 2000; 2005; Lee & Gallagher, 
2008; Moon, 2013). Thus measuring the resistance, reactance, and impedance based on the 
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single or multifrequency electrical currents can give total body water (TBW) or FFM based on 
previously determined equations (Ellis, 2000).  Although this method has been useful as a 
noninvasive tool, it can be expensive depending on the manufacturer and the functions of the 
machine.  
This method is considered a level 3 validation as it is validated by HD or DXA.  
Hydration status can change the estimate of FFM significantly and can be seen by the margin of 
error of ±3.5kg and ±2.8kg FFM in men and women, respectively (Heyward & Wagner, 2004). 
Additional margins of error have been noted in various measurements: 0.9 – 1.8 kg TBW, 2.0 - 
3.0 kg in FFM, and 3.0 – 4.0% FM (Houtkooper, Lohman, Going, & Howell, 1996).  
2.4.5. DUAL-ENERGY X-RAY ABSORPTIOMETRY  
Dual Energy X-ray Absorptiometry (D(E)XA) is a form of BC analysis which uses the 
attenuation of X-rays at low and high photon energies (Ellis, 2000; Heymsfield et. al., 2005; 
Heyward & Wagner, 2004).  By using two different levels of photon energies, the X-rays can 
pass through the individual and identify the various tissue compositions, differentiating between 
FM, lean soft tissue mass (LST), and bone mineral mass (Ellis, 2000; Heyward & Wagner, 2004; 
Lee & Gallegher, 2008; Lohman & Chen, 2005). DXA can directly measure bone mass and has a 
procedure that is more comfortable for the client being measured in comparison with the 
procedure used in UWW (Heymsfield et. al., 2005). This device measures different tissues, 
although it assumes the densities from a reference value, thus making this a 3C model with a 
level 2 validation. It also allows for variances between individuals as it directly measures bone 
mass.  
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As the X-rays from the machine are emitted, they pass through the body and are detected 
by a collector on the opposite side of the emitter (Heymsfield, 2005).  The crystal inside the 
collector measures the change in the energy after passing through the different body tissues 
(Prado & Heymsfield, 2014). The changes are translated to electrical currents which are 
amplified and transfigured by the manufacture’s computer to the visible output (Healthcare, 
2017).  Therefore, calculations for photon changes are based on the photoelectric effect and 
Compton scattering (Ellis, 2000; ISCD2017).   
Compared with the other two Level 2 Validation methods, UWW and ADP, which 
require an additional step of calculating FFM from body density, DXA offers the best direct 
measurements of FM and FFM (Heymsfield et. al.,2005; Heyward & Wagner, 2004).  The 
accuracy of DXA to identify adipose tissue is unparalleled by lower cost methods; however, the 
exposure to harmful X-rays can be a deterrent to participants.  While precautionary measures 
must be taken with any radiation exposure, the actual X-ray exposure of DXA ranges from 0.2 to 
0.8 mrems, which is comparatively lower than 4 - 6 mrem as experienced when flying from Los 
Angeles to New York City (Healthcare, 2017; Heymsfield, 2005). The radiation may also be 
harmful to an unborn fetus, therefore there is a requirement that women of childbearing age take 
a pregnancy test before being measured. 
Despite these potential deterrents, DXA scans have the added benefit of being able to 
capture whole body composition while having the ability to focus on selected body segments.  
This effectively allows for individualization of the measurement by accounting for differences in 
ethnicity/race, fitness level, and current health status (Ellis, 2000; Heyward & Wagner,2004; Lee 
& Gallagher, 2008; Lohman & Chen, 2005). When comparing to common Level-3 validation 
methods like BIA and SKF, DXA provides direct body composition measurements; and today, 
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DXA has been used to validate these indirect methods (Ellis, 2000; Heymsfield et al., 2015).  An 
additional consideration for researchers is the expensive purchasing price and storage space 
required for the large DXA device.  Unlike DXA, the strengths of other BC methods include ease 
of use, lower cost, user familiarity, and no requirement for specialized training and state 
licensing to perform testing.  
A further limitation of using DXA scans is decreased accuracy compared to level 1 
validation methods, like CT and MRI, which can also distinguish more tissues types (ISCD, 
2017). Furthermore, DXA cannot measure molecular level accuracy of fat in certain tissues (i.e. 
inter- and intra-muscular values).   
2.4.6. COMPUTED TOPOGRAPHY (CT) AND MAGNETIC RESONANCE IMAGING 
(MRI) 
Both Computed Tomography (CT) and Magnetic Resonance Imaging (MRI) are multi-
component models that use direct measurements of all types of tissues and differentiate tissues 
and organs.  CT uses X-rays to scan the body and create horizontal slices that create a three-
dimensional map of the  “trunk and peripheral muscle area and volume, muscle attenuation, 
[and] deep and superficial subcutaneous adipose tissue separated only by a thin fascia,” (ISCD, 
2017; Oates, 2017).  CT is not only very useful in body composition measurements, but also can 
identify other disease states. Limitations of conducting CT scans includes the increase in 
radiation (270 mrem) in comparison to DXA (0.2 – 0.8 mrem) and the high costs of operation 
(Heymsfield, 2005).  MRI uses proton imaging by creating a magnetic field around the 
individual to align the protons and capture it on imaging software (Ellis, 2000; Heymsfield et. 
al., 2005; Lee & Gallagher, 2008; Zemel & Barden, 2004). Due to the strong magnetic field 
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created, MRI’s cannot be performed on individuals with implanted metal pieces and may also 
cause headaches. Certain tissue types can be observed with high acuity, while others require 
different imaging techniques as the content of water in these tissues varies and may not be 
accurately observed (Heymsfield et. al., 2005; Lee & Gallagher, 2008).  These limitations could 
be because of the budget of the hospital or practice. Certain dyes may also be required, but not 
necessary for body compositional testing. Like the CT, costly MRI procedures can distinguish 
subcutaneous, visceral, organ, and intermuscular fats while also being able to measure water and 
lipid amounts(Ellis, 2000; Lee & Gallagher, 2008). This high resolution of magnetic resonance 
can also distinguish between muscle fiber bundles (Heymsfield et al., 2014). Accuracy of these 
methods has been evaluated by biopsy studies and has high reliability (Heymsfield et. al., 2005). 
While the precision of these instruments is highly useful in creating accurate measurements, 
these instruments are costly to buy and run, and are not easy to move when changing locations.  
2.4.7. CONCLUSION ON BC METHODS 
To summarize, there are various modalities and methods available for measuring BC.  
The overall cost of each modality increases exponentially with the number of compartments 
visualized and the accuracy of the machine.  These parameters along with which BC 
compartment is to be measure will determine which method will be best suited. Researchers 
must consider the feasibility and accuracy of their study by assessing the method of measuring 
BC and its ability to measure various types of tissue compartments and must understand that 
variability in exercise-exposure, ethnicity, race, and other demographic factors of participants 
may impact results.  
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2.5. BC of Athletic Populations 
2.5.1. INTRODUCTION 
Exercise is defined as “a type of physical activity consisting of planned, structured, and 
repetitive bodily movement done to improve and/or maintain one or more components of 
physical fitness” (Caspersen, Powell, & Christenson, 1985).  Individuals who participate in 
exercise will often find that their body adapts with grossly observable phenotypic responses and 
physiological changes that can be observed with various other technologies.  The BC of athletes, 
or those who exercise regularly, must be able to withstand the forces of exercise and retain 
adequate energy to sustain exercise. 
An athlete is one who is trained or skilled in exercise, sport, or game requiring physical 
strength, agility, and stamina (Merriam-Webster, 2018).  An athlete can participate in a team 
sport such as soccer, basketball, baseball, or volleyball.  The following sections will describe the 
BC and its importance in the athletic population. 
2.5.2. GENERAL TRENDS OF EXERCISING POPULATIONS 
Exercise and physical activity influence metabolism and lower the risk of mortality (Lee 
et al., 1999; Lee et al., 1995).  In general, individuals who participate in exercise will have higher 
proportions of FFM and BMD/BMC when compared to non-active counterparts of the same age, 
race, ethnicity, and sex. Women who participate in high impact activities have 2 – 6 % higher 
bone densities than non-athletic women (Heyward & Wagner, 2004).  Similarly, male 
recreational runners have higher FFM, observed through lower percentage of FM (12.6% vs. 
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21.1%, respectively), in comparison to their sedentary counterparts (Penn et al., 1994).  With the 
increase in FFM, the body does not retain as much FM due to a higher resting energy 
expenditure (REE), which results from muscle and organs having a higher metabolic activity 
than fat (Gallagher et al., 1998).  Current studies have also investigated differences between 
collegiate athletes (Ballard et al., 2004; Maddalozzo, Cardinal, & Snow, 2002) and professional 
athletes (Andreoli et al., 2001) and with non-athletes in various BC measurements including 
%BF, FFM, and BMD (see Table 2.4).  
The physiological adaptations of exercise result in healthier, stronger, and leaner 
individuals with higher FFM and lower FM (Penn et al., 1994).  Lower FM is associated with 
reduced risk of metabolic, cardiovascular, and endocrine diseases (Koster et al., 2011; Lee et al., 
1999; Lee et al., 1995). Higher FFM is associated with improved metabolism, 70% reduced risk 
of developing sarcopenia (which is the involuntary but physiologic loss of muscle mass that 
progressively develops during aging (Wagenmakers, 2012)), and 39% lower risk of overall 
mortality (Arem et al., 2015; Karstoft & Pedersen, 2016; Lee et al., 1995; Paffenbarger Jr et al., 
1986; Ryu et al., 2013).  
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Table 2.4 Comparisons of Percentage of FM (%BF) Between Athletes and Non-Athletes 
Author (Year) Gender 
Sport/Non-Athlete 
(NA) 
Percentage FM 
(%BF) 
Method of 
BC 
Assessment 
Andreoli et. al. 
(2001) 
Male NA 16.6 DXA 
  Judo 10.1 DXA 
  Karate 11.3 DXA 
  Water Polo 15.2 DXA 
Ballard et. al. 
(2004) 
Female NA 22.5, 22.0 ADP, DXA 
  Athlete 28.5, 28.2 ADP, DXA 
Maddalozzo et. 
al. (2002) 
Female NA 28.8, 27.7 ADP, DXA 
  Gymnastics 20.9, 20.7 ADP, DXA 
  Volleyball 20.3, 20.9 ADP, DXA 
El Hage et. al. 
(2013) 
Male NA 24.1 DXA 
 
Additionally, many athletes have higher BMC and BMD than their non-athlete 
counterparts (Heymsfield, 2005).  Small sex differences exist, as men tend to have ~10kg more 
FFM than their female counterparts (Caspersen et al., 1985; Sonksen, 2016).  With increased 
FFM and activity, higher BMC/BMD results in reduced risk of osteoporosis and bone fractures, 
as well as higher calcium, magnesium, and sodium stores (Alfrey & Miller, 1973; Castiglioni, 
Cazzaniga, Albisetti, & Maier, 2013; Jahnen-Dechent & Ketteler, 2012).  These aforementioned 
positive adaptations to the musculoskeletal system allow athletes to maintain healthy weight and 
metabolism while reducing their risk of mortality.   
Understanding changes in bone, skeletal muscle, and adipose tissue is of great importance 
in assessing the health and performance of athletes and individuals from non-athletic 
The studies mentioned in this table used DXA, therefore making it easier to compare our study to these. For both 
men and women, we see nearly 10% increase in %BF from athlete to non-athlete individuals. 
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populations.  With the improvement in technologies like DXA, CT, and MRI, and sports 
sciences, there have been changes in our knowledge of body composition standards since the late 
1980s and early 1990s.  Recently, DXA has been shown to be able to measure VAT as 
effectively as CT (Kaul et al., 2012), and therefore can be used on athletes to determine body 
health risks associated with VAT levels (Bosch et al., 2014).   
2.6. Sports Specific Athletes 
Current research in BC assessment focuses on establishing reference values and finding their 
association with certain health indices, as well as observing long-term changes in select athletic 
groups (Stanforth et al., 2014). These studies have observed Olympic level athletes and athletes 
in sports in which low FM (e.g. Track and Field events), weight-class (Olympic weightlifting), or 
aesthetics and power (i.e. gymnastics) are of great importance to performance and scoring.  Past 
research observed BC as a secondary finding when comparing trained, athletic, and non-trained 
individuals. The literature addresses sports at the elite level (Santos et al., 2014), team sports 
(Bayios, Bergeles, Apostolidis, Noutsos, & Koskolou, 2006; Ponce-González, Olmedillas, 
Calleja-González, Guerra, & Sanchis-Moysi, 2015; Stanforth et al., 2014), and certain college 
level athletes (Bolonchuk et al., 1991; Carbuhn et al., 2010; Stanforth et al., 2014).  There is 
currently little documentation that focuses on the BC of collegiate male basketball and baseball 
athletes as a primary outcome.  Furthermore, there is a lack of information in the literature 
regarding VAT values in collegiate female athletes.  
2.6.1. MEN’S BASKETBALL 
Basketball is one of the most popular sports around the world.  The National Basketball 
Association (NBA) is the top league that houses the world’s best players.  Many of the players 
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that enter into the NBA are former American collegiate male basketball athletes, primarily from 
the top tier Division 1 schools.  BC assessment on this specific population has not been 
extensively studied in the last 20 years in the US (Bolonchuk et al., 1991; Hunter et al., 1993), 
however international studies have been conducted from collegiate to elite (professional) level 
athletes in basketball (Drinkwater, Pyne, & McKenna, 2008; Ostojic, Mazic, & Dikic, 2006; 
Ponce-González et al., 2015).  The studies that were performed previously were comprehensive 
of NCAA Division 1 teams (Latin et al., 1994) and show that these players were tall with lower 
FFM than today’s players that move onto the NBA (Gonzalez et al., 2013) (see Table 2.5). 
Table 2.5 Summary of BC Values for Men's Basketball 
Author(Date) Height FM FFM BMD VAT 
Gonzalez et. 
al. (2013) 
200.9±9.4 cm 7.2 ± 1.9% 97.16 kg N/A N/A 
Bolonchuk et. 
al. (1994) 
195.4 ± 10.9 
cm 
7.7% 
82.1 ± 10.6 
kg 
N/A N/A 
Latin et. al. 
(1994) 
195.3 ± 2.2 
cm 
9.4 ± 2.0% 82.3 ± 4.4 kg N/A N/A 
Tavino et. al. 
(1995) 
N/A 13.26 ± 3.1% 78.3kg N/A N/A 
This table is adapted from the various sources listed. The values without ±SD are given values from those sources or 
are calculated, using values given in the sources, as the author did not provide them in their studies. All of these 
studies used SKF or UWW as their method to assess BC. 
 
Studies on BC in international male basketball athletes commonly utilize SKF as an 
assessment tool, which may potentially cause findings to be inaccurate due to the limitations of 
SKF mentioned in Section 2.3.2.  Santos et al. (2014) is one of the few international research 
groups that used DXA to assess BC and generate reference BC ranges among basketball players 
and athletes in other sports. The reference values calculated by Santos et. al. may account for 
ethnically and racially different athletes and therefore be appropriate to use for US collegiate 
athletic populations which also includes great diversity (see Table 2.6). 
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Table 2.6 Reference Values of Male Portuguese Basketball Players Using DXA 
Measurement Measured Value 
Age (years) 16 – 18 
Weight (kg) 81.9 
Height (cm) 190.6 
BMI (kg/m2) 22.5 
WB BMD (g/cm2) 1.299 
WB FM (kg) 12.1 
WB FM % (%BF) 14.8 
FMI (kg/m2) 3.38 
WB FFM (kg) 68.5 
FFMI (kg/m2) 18.8 
 
As previously mentioned, another tissue type that has not been explored in Basketball 
players by investigators is VAT. This compartment has special implications regarding 
cardiometabolic health as well as psychological health because many environmental and 
physiological mechanisms can influence the growth of VAT.   
2.6.2. MEN’S BASEBALL 
Like many American team sports, baseball has specific positions that athletes can play, 
and each position may require different expertise and optimal BC (Spaniol, 2009).  Although 
their respective positions can lead to differences in the physique of these athletes at the elite 
level, there is generally an overall BC that a majority of baseball players attain.  Baseball players 
expend energy through power-based exercises (Rossi et al., 2017).  They rely highly on the 
This table was adapted from (Santos et al., 2014). Mean values are presented. 
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phosphocreatine and glycolysis systems for active work, which emphasize the need for high 
FFM during batting, throwing, and sprinting that occurs in spurts throughout the game. 
Current literature has not thoroughly investigated the BC of baseball players to establish 
reference values for this sport at the elite level of Major League Baseball (MLB). This may be 
due to the nature of the sport, which has skill-based actions (batting, pitching) and power during 
performance (throwing and sprinting) (Spaniol, 2009).  When coaches are assessing a player’s 
performance, they often do not consider a player’s physique but rather his playing ability. To 
better understand the trends of this sports, research and compilation of BC analyses and VAT 
measurements may be required. Few researchers have observed collegiate student-athletes in 
baseball but while the heights and weights seem to be homogenous, the breakdown of BC 
compartments shows differences that may be environmental or genetic (Table 2.7). 
Table 2.7 Summary of Mean BC Values of BSB Student-Athletes 
Author 
(Year) 
Height Weight FM FFM BMD 
Loenekke et. 
al. (2012)* 
1.83 meters 88.4 kg 20.4% 70.36 kg N/A 
Rossi et. al. 
(2017) 
N/A 81.4 kg 13.9% /11.5 kg 69.9 kg N/A 
Oates et. al. 
(2009)* 
179.4 cm 88.0 kg 22.1%/19.9 kg 68.3 kg 1.413 g/cm2 
2.6.3. WOMEN’S VOLLEYBALL 
Volleyball (VB) is more popular internationally than it is in the US, but it is one of the 
highest funded sports at the US collegiate level. VB can be considered a power type sport with 
“specialist” positions of “hitter/blocker” and “setters/defensive” (Stanforth et al., 2014). 
Although some investigators have used BC to differentiate between different positions within 
VB (Anderson, 2010; Stanforth et al., 2014), most research studies examined the team as a whole 
This table depicts mean values attained by the respective authors. Authors with an asterisk, (*), designates the use of 
DXA as a method of measurement for these values. 
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(Bayios et al., 2006; Carbuhn et al., 2010).  Most of these players are taller, heavier, and leaner 
than female athletes from other sports (Ballard et al., 2004; Bayios et al., 2006; Stanforth et al., 
2014).  Studies that have observed elite level VB players have used SKF or densitometry 
methods to assess BF% while most recent studies conducted in the US have used DXA. A 
summary of these studies shows the ranges of female volleyball players from collegiate to 
professional level (Table 2.8). 
Table 2.8 Summary of Mean BC Values for Women's Volleyball 
Author(Date) Height FM FFM BMD VAT 
Anderson et. al (2010) 
175.3 ±1.5 
cm 
22.1 ± 1.3 
% 
54.2 kg N/A N/A 
Bayios et. al. (2006) 
177.1 ± 6.5 
cm 
23.4 ±2.8 % 
53.2 ± 5.3 
kg 
N/A N/A 
Carbuhn et. al. (2010)* 
181.5 ± 5.5 
cm 
28.4 ± 4.7% 54.5 kg 
1.292 ±0.07 
g/cm2 
N/A 
Ćopić et. al. (2015) 
183.3 ±7.7 
cm 
17.6 ±3.4 % 58.1 kg N/A N/A 
Fernández et. al. (2017) 
182.6 ± 2.5 
cm 
17.1 ± 3.3% 59.4 kg N/A N/A 
Maddalozzo et. al. 
(2002)* 
1.79 ± 0.005 
m 
20.9 ± 2.7 
% 
56.4 kg N/A N/A 
Martin-Matillas et. al. 
(2014) 
179.8 ± 7.1 
cm 
24.0 ± 3.1% 
54.9 ± 5.7 
kg 
N/A N/A 
Nikolaidis et. al. (2012) 
175.6 ±6.8 
cm 
22.1 ± 
3.32% 
52.03 ±3.39 
kg 
N/A N/A 
Stanforth et. al. (2014)* 
181.1± 2.0 
cm 
22.7±0.7% 56.2 kg N/A N/A 
Santos et. al. (2014)* 174.5 cm 25.6% 49.6kg 1.206 g/cm2 N/A 
 
 
 
This table is adapted from the various sources listed. The values without ±SD are given values from those sources.  
FFM values without ±SD are calculated from the sources as the author did not provide FFM in their studies. The 
studies with an asterisk, (*), are studies that used DXA as their methods for BC assessment. 
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2.6.4. WOMEN’S SOCCER 
Soccer players are generally powerful, fast, and lean. With the advancements in sports 
science, soccer players have become quicker and stronger while being able to retain longevity in 
their playing career (Datson et al., 2014).  Although soccer has been deemed as an endurance-
type sport, these athletes do not share physiques of long-distance runners, cyclists, or swimmers 
(Stanforth et al., 2014).  All types of running distances and speeds are used in the game, and 
therefore different energy expenditures are observed (Datson et al., 2014).  
Women’s soccer is evaluated frequently in sport science, sport psychology, and sport 
nutrition studies in the US (Arena, McLaughlin, Nguyen, Smoliga, & Ford, 2017; Johnson, 2016; 
Reed, De Souza, & Williams, 2013). There may be varying reasons for soccer being studied 
more often than other sports, but this allows for a greater body of knowledge when comparing 
and adding BC assessments. Currently, there is little to no assessment of VAT in female soccer 
players at the collegiate level using DXA (see Table 2.9).  To the investigator’s knowledge, this 
study will be the first to report VAT in women’s soccer players. 
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Table 2.9 Summary of Mean BC Values for Women's Soccer 
Author(Date) Height FM FFM BMD VAT 
Arena et. al. 
(2017)* 
1.68 ±0.06 
m 
N/A N/A N/A N/A 
Ballard et. al. 
(2004)* 
N/A 22.0 ± 4.7% N/A N/A N/A 
Brännström et. 
al. (2017)* 
1.65 ± 0.04 
m 
25.1% 42.8 
1.53 ± 0.78 
g/cm2 (Z-
score) 
N/A 
Datson et. al. 
(2014) 
1.61 – 1.7 m 14.6 – 20.1% 45.7±3.9 kg N/A N/A 
Esco et. al. 
(2015)* 
166.1±7.1cm 
25.86 ± 
5.56% 
46.08 ±5.91 
kg 
N/A N/A 
Ferry et. al. 
(2011)* 
165.0 ± 5.8 
cm 
21.01 ± 
3.92% 
44.99 ± 
4.11kg 
1.19 ±0.07 
g/cm2 
N/A 
Minett et. al. 
(2017)* 
165.1 ±1.3 
cm 
22 ± 0.7% 50kg N/A N/A 
Randers et. al. 
(2013)* 
172 ± 5 cm 20.2% 50.4±3.3 kg N/A N/A 
Stanforth et. al. 
(2014)* 
166.3 ± 0.9 
cm 
24.0 ± 0.5% 47.2 kg N/A N/A 
This table is adapted from the various sources listed. Some of the values without ±SD are given values from those 
sources or are calculated, using the given values from sources, as the author did not provide the information in their 
studies. The studies with an asterisk, (*), are studies that used DXA as their methods for BC assessment. 
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3. Methods 
3.1. Objective 
Collegiate athletics are very popular, but student-athletes typically perform in 
competitive environments that include rigorous and demanding training regimens, which tend to 
induce significant physical and metabolic changes. Given the age and the challenges of being a 
college athlete, it is important to assess the changes in the context of the athletes’ health, 
performance, and the role of BC. The objectives of this study are to use: 1) determine preseason 
differences in BC between select Division 1 sports and 2) changes in BC over a competitive 
season in two sports.  
 DXA was used for scanning and analysis factors, safety, and output capabilities. The 
study included previously performed DXA scans of NCAA Division-I Baseball (BSB), Men’s 
Basketball (MBB), Women’s Volleyball (VB), and Women’s Soccer (WSOC) student-athletes 
from 2013 to 2016. This combination of athletes provides important information related to the 
health and body composition in the context of gender and exercise-mode differences. In addition, 
repeated measurements of BSB and MBB facilitated examination of the effects the competitive 
season in these two sports.  
For this study, a total of 106 student-athletes were assessed. The teams and their players 
included: Men’s Basketball (MBB) n = 23, Men’s Baseball (BSB) n = 38, Women’s volleyball 
(VB) n = 15, and Women’s Soccer (WSOC) n = 29. The age of the student-athletes ranged from 
18 – 22 years. Data on MBB and BSB players was available from two subsequent seasons. 
Participation in this study was voluntary. Exclusion criteria included injury prior to the season, 
choosing not to participate in the study, redshirt or no participation during the season.  Scans 
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were taken at the beginning of the season, which was in the general preparation phase for each 
sport. End-season scans were performed for the men’s sports at the end of the sport’s respective 
season. The California Polytechnic State University-San Luis Obispo’s Institutional Review 
Board approved this study prior to its initiation. Subjects were informed of the benefits and risks 
of the investigation prior to signing an institutionally approved informed consent to be a 
participant in the study.  
3.2.  Assessment of Anthropometrics and Body composition (BC) 
All athletes reported to the Cal Poly Nutrition and Health Assessment Lab for DXA 
testing. Basic anthropometrics – height and weight – were measured prior to the DXA scan using 
a stadiometer and calibrated medical beam scale, respectively. It was requested that the student-
athletes prepare by being well-rested, well-hydrated, and fasted for all scans. Scans were 
performed in the morning or a few hours before practice.  Athletes wore the appropriate clothing, 
removed as much jewelry as possible, and females had a negative pregnancy test. Full-body 
DXA scans were done using a GE Healthcare Lunar iDXA (GE Healthcare, Madison, WI, USA).  
A technician trained by GE Lunar DXA personnel performed the scans using standardized 
positioning protocols and software steps. The same technician did all scans for the study using 
the same iDXA. There were no hardware or software changes to the system during the study. 
The iDXA passed calibration testing using a QA block phantom (GE Healthcare) every day prior 
to scans. No calibration drift of the instrument was observed over the course of the study.  
The DXA data were obtained using EnCORE software (GE Healthcare) version 14.1. 
DXA values from EnCORE used for the study included: Total Mass (fat mass + lean soft tissue + 
bone mineral content); Fat Mass (all adipocytes); Lean Soft Tissue (all tissues not including bone 
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and fat mass); Fat-Free Mass (lean soft tissue + bone mineral content); Percentage of Fat Mass 
(fat mass / total mass, also referred to as %BF); Bone Mineral Density (expressed as Bone 
Mineral Density, g/cm2 — Z-Scores). 
The CoreScan software (GE Healthcare) tool was used to estimate visceral adipose tissue 
(VAT) amounts. CoreScan was developed recently (Kaul et al. 2012) as a means to quantify the 
volume of VAT using the iDXA and values have been shown to be similar to using CT scans for 
VAT assessment. DXA values derived from CoreScan and used for the study included VAT (in 
volume and weight units). No additional techniques or time were required to obtain the VAT 
values other than utilize the CoreScan tool of the iDXA software. 
Mass indices were calculated by taking the mass of interest, in kilograms, and dividing by 
the squared height, in meters, as seen with body mass index (BMI) (see Section 2.2.2).  Using the 
distributive properties of division, BMI is to equal the sum of FMI and FFMI. 
 BMI = FMI + FFMI 
where, 
BMI =
Body Mass (in kilograms)
Height2  (in meters)
 
FMI =
Fat Mass (in kilograms)
Height2 (in meters)
 
FFMI =
Fat Free Mass (in kilograms)
Height2  (in meters)
 
3.3. Statistical Analysis 
To determine whether the variable means significantly differed for at least two of the 
athletic groups, multivariate analysis of variance (MANOVA) was performed. After the overall 
MANOVA test was rejected (Wilks test statistic < 0.05, p-value < 0.001), follow-up one-way 
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analysis of variance (ANOVA) tests were used to identify variables that had significantly 
different means for at least two of the sports groups.  Finally, for those ANOVA tests that were 
rejected, Tukey’s HSD post-hoc tests were performed to determine which sports groups had 
significantly different means with an alpha set to 0.05. Paired t-tests were used when analyzing 
differences in the seasonal changes in BC of MBB and BSB. Alpha level was set to 0.00625 to 
account for the multiple paired t-tests.  All analyses were performed in R, version 3.5.1.   
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4. Results 
4.1. Anthropometrics   
We observed differences in the means of height and weight from whole-body 
measurements.  Men’s teams were significantly heavier than women’s teams (p < 0.01) and VB 
players were heavier (160.6 ± 18.1lb) than WSOC players (140.4 ±12.0lb) (p < 0.01).  Heights 
were significantly different between all groups. MBB group was the tallest and WSOC group 
was the shortest, all differences of the means between the groups were significant (p < 0.01). 
BMI differences were observed between genders with men’s teams being significantly higher 
than the women’s teams (p < 0.01).  These results are presented in Table 4.1 below.  Multivariate 
analyses of variance were used on all variables to reduce Type I error. 
Table 4.1 Participant Anthropometrics 
Sport Height (in) Height (cm) Weight (lb) Weight (kg) BMI 
(kg/m2) 
MBB 75.6(±3.1)a,b,c 191.9(±7.8)a,b,c  202.1(±26.5)b,c 91.8(±12.1)b,c 24.8 (±2.0)b,c 
BSB 72.7(±2.1)b,c 184.7 (±5.4)b,c 193.4(±16.2)b,c 87.9(±18.7)b,c 25.8 (±1.6)b,c 
VB 70.2 (±4.0)c 178.4(±10.1)c 160.6(±18.1)c 73.0(±8.2)c 22.9(±1.1) 
WSOC 66.2 (±2.1) 168.2(±5.4) 140.4(±12.0) 63.8(±5.5) 22.6(±1.9) 
 
4.2. BC Parameters   
Observed means of BC data of Fat Mass (FM), Fat-Free Mass (FFM), Bone Mineral 
Density (BMD), and Visceral Adipose Tissue (VAT) from the DXA scans are summarized in 
Presented as Mean(±SD). MBB, Men’s Basketball; BSB, Baseball; VB, Volleyball; WSOC, Women’s Soccer. 
Superscripts indicate the following: 
a, significantly different from baseball  
b, significantly different from volleyball  
c, significantly different from soccer. 
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Table 4.2.  Graphical representations of each tissue type have been provided in the figures that 
follow for ease of the reader to visualize the information.  
Table 4.2 Means of the Body Composition Measurements for the Various Sports 
 MBB BSB VB WSOC 
FM (lb) 30.0(±10.5)a,b 36.1(±8.0)b 45.0(±8.7)c 35.0(±7.1) 
FM (kg) 13.7 (±4.8)a,b 16.4(±3.7)b 20.4(±3.9)c 15.9(±3.2) 
FFM (lb) 172.0(±21.2)a,b,c 157.2(±18.1)b,c 115.7(±11.2) 105.5(±10.4) 
FFM (kg) 78.2(±9.6)a,b,c 71.5(±8.2)b,c 52.6(±5.1) 47.9(±4.7) 
VAT (lb) 0.54(±0.26)b,c 0.48(±0.32)b,c 0.18(±0.21) 0.11(±0.13) 
FMI 3.7(±1.3)a,b,c 4.8(±1.2)b,c 6.4(±0.9) 5.6(±1.3) 
FFMI 21.2(±1.4)b,c 20.9(±1.8)b,c 16.5(±0.8) 16.9(±1.3) 
 Presented as Mean(±SD). MBB, Men’s Basketball; BSB, Baseball; VB, Volleyball; WSOC, Women’s Soccer. 
Superscripts indicate the following: 
a, significantly different from baseball  
b, significantly different from volleyball  
c, significantly different from soccer. 
 
Figure 4.1 shows the difference between means, with standard deviation bars, of the FM, 
in pounds. Values were not adjusted for body height or body mass. The VB players had the 
highest amount of FM (45.0 ± 8.7lb) when compared to the other teams (p<0.01).  BSB players 
had higher amounts of FM (36.1 ± 8.0 lb.) than the MBB players (30.0 ± 10.5 lb.) (p<0.05). BSB 
and WSOC had similar amounts of FM (36.1 ± 8.0 vs. 35.0 ± 7.1 lb., respectively).  Women 
generally have more FM than men such that hypothesis I.1. is rejected due to WSOC, BSB, and 
MBB having FM amounts that are not significantly different.  
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Figure 4.1 Fat Mass (FM) Measured by DXA 
MBB — 30 ± 10.5 lbs. BSB 36.1 ± 8.0 lbs. VB — 45.0 ± 8.7 lbs. WSOC — 35.0 ± 7.1 lbs. Superscripts 
indicate the following: 
a, significantly different from baseball  
b, significantly different from volleyball  
c, significantly different from soccer. 
 
When we compared percentages of FM (%BF) between the sports (hypothesis I.3.), we 
noticed that all sports have significantly different %BF except between VB and WSOC which 
was trending (p  = 0.065) , as seen in Figure 4.2.  Men generally have less %BF than women, as 
stated previously. 
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Figure 4.2 Percentage of Fat Mass (%BF) Measured by DXA 
MBB — 14.8 ± 4.2%. BSB 18.7 ± 4.6%. VB — 27.8 ± 3.4%. WSOC — 25.0 ± 3.5%. Superscripts indicate 
the following: 
a, significantly different from baseball  
b, significantly different from volleyball  
c, significantly different from soccer. 
 
Figure 4.3 displays the differences in the means of FFM between the sports.  MBB was 
shown to have the highest mean of FFM (172.0 ± 21.2 lb.) when compared to other sports 
(p<0.01). FFM differences were not found to be significantly different between VB (115.7 ± 11.2 
lb.) and WSOC players (105.5 ± 10.4lb) (p>0.05).  FFM is generally higher in men’s sport 
(Sonksen, 2016). Differences were observed within male student-athletes which rejects 
hypothesis I.2 as we did not find significant differences between the groups. 
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Figure 4.3 Amounts of Fat-Free Mass (FFM) in Pounds as Measured by DXA. 
MBB — 172 ± 21.2 lbs. BSB 157.2 ± 18.2 lbs. VB — 115.7 ± 11.2 lbs. WSOC — 105.5 ± 10.4 lbs. 
Superscripts indicate the following: 
a, significantly different from baseball  
b, significantly different from volleyball  
c, significantly different from soccer. 
 
Figure 4.4 illustrates the differences in the means of BMD between the sports.  Bone 
mineral density (BMD), in Z-scores, were not significantly different between the means of each 
sport as seen in Figure 4.4 (p>0.05).  The observed values show that the BMD values are greater 
than the average BMD Z-score values (-1 to 1).  A general trend was observed between the sport 
types with court sports (MBB, 2.9, and VB, 2.7) having a higher BMD value than field sports 
(BSB, 2.5, and WSOC, 2.4). While each of the sports do have different mean values, Figure 4.4 
illustrates that there is no significant difference between sports for BMD, thus rejecting 
hypothesis I.4. 
a,b,c
b,c
0.0
50.0
100.0
150.0
200.0
250.0
MBB BSB VB WSOC
F
at
 F
re
e 
M
as
s 
(l
b
)
43 
 
 
Figure 4.4 Distribution of Bone Mineral Density Measured by DXA. 
 
4.3. Visceral Adipose Tissue 
VAT values were attained using Corescan software (GE Healthcare) on the iDXA. These 
values are given in total area (squared inches) and weight (pounds), of which weight was used in 
the analysis and comparison between sports.  Figure 4.5 illustrates the differences between the 
sports; it showed that MBB had the highest amount of VAT overall (0.54 ±0.26 lb.). While MBB 
and WSOC are endurance-based sports, they do not share proportional amounts of VAT thus 
rejecting hypothesis I.5. In comparison to the women’s teams, the men’s teams had significantly 
higher amounts of VAT. 
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Athletes show no significant differences but trends show increased BMD in court-based sports than field-
based. MBB — 2.9 ± 0.8. BSB 2.5 ± 1.2. VB — 2.7 ± 0.9. WSOC — 2.4 ±1.0 BMD Z-Scores were well 
above normal ranges provided by GE Healthcare. 
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Figure 4.5 Total VAT in Pounds as measured by DXA. 
MBB — 0.54 ± 0.26 lbs. BSB 0.48 ± 0.32 lbs. VB — 0.18 ± 0.21 lbs. WSOC — 0.11 ± 0.13 lbs. 
Superscripts indicate the following: 
a, significantly different from baseball  
b, significantly different from volleyball  
c, significantly different from soccer. 
 
 Figure 4.6 shows another interpretation of VAT as a percentage of FM. Again, MBB was 
significantly different with the highest percentage of VAT (%VAT) (2.0%) relative to FM when 
compared to the other sports (BSB: 1.4%; VB: 0.4%; WSOC: 0.3%). We observed opposing 
correlation of VAT and %BF between genders that lower %BF allows for lower %VAT; this 
rejects hypothesis 1.6 in male student-athletes but accepts the hypothesis in female student 
athlete. In comparison to the women’s teams, the men’s teams had higher amounts of VAT.  
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Figure 4.6 VAT represented as a Percentage of FM 
 
 
 
4.4.  Indices of fat and lean mass    
FMI and FFMI is calculated by taking the mass of fat or fat-free mass, in kilograms, and 
dividing by the height, in meters, squared.  MBB has the lowest FMI values (3.7 ± 1.3 kg/m2) 
with VB (6.4 ± 0.9 kg/m2) having the highest FMI value as seen in Figure 4.7.   
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VAT has been divided by FM in pounds to represent the percentage of total amount of FM. 
MBB — 2.0 ± 1.2 %. BSB 1.4 ± 0.9 %. VB — 0.4 ± 0.6 %. WSOC — 0.3 ± 0.3 %. 
 Superscripts indicate the following: 
a, significantly different from baseball  
b, significantly different from volleyball  
c, significantly different from soccer. 
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Figure 4.7 Distribution of Fat Mass Index (FMI) in (kg/m2). 
MBB — 3.7 ± 1.3 kg/m2. BSB 4.8 ± 1.2 kg/m2. VB — 6.4 ± 0.9 kg/m2. WSOC — 5.6 ± 1.3 kg/m2. 
Superscripts indicate the following: 
a, significantly different from baseball  
b, significantly different from volleyball  
c, significantly different from soccer. 
 
Women’s sports were not significantly different when comparing the means of the FMI 
values (p>0.05).  When comparing with women’s sports, men’s sports had higher FFMI values 
(p<0.001) seen in figure 4.8. Men’s sports are at an average of 3.9 kg/m2 higher than women’s 
sports. 
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Figure 4.8 Distribution of Fat-Free Mass Index (FFMI) in Various Sports in (kg/m2). 
MBB — 21.2 ± 1.4 kg/m2. BSB 20.9 ± 1.8 kg/m2. VB — 16.5 ± 0.8 kg/m2. WSOC — 16.9 ± 1.3 kg/m2. 
Superscripts indicate the following: 
a, significantly different from baseball  
b, significantly different from volleyball  
c, significantly different from soccer. 
 
4.5. BC Changes in Men’s Sports over a Competitive Season 
The means for the BC variables for both sports across a competitive season are shown in 
Table 4.3.  The only major observation that showed a significant increase was BMD, which 
rejects hypothesis II.3.  In figure 4.9, BMD is shown and was found to be significantly higher at 
the end of the season in MBB but not in BSB (p = 0.0343), while collectively the means of all 
the male athletes show an increase in BMD.  While the preseason scans of all sports showed 
significant differences in FM between male sports, this was not apparent when comparing the 
teams over the season. Trends of increased weight and decreased fat mass were observed as well 
(p=0.071 and p=0.129, respectively).  There were no other significant changes in other variables 
in MBB and BSB (p>0.05).  While we observed the trends of hypotheses II.1 and II.2, we did not 
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see significant changes, thus rejecting these hypotheses. Our last hypothesis (II.4) was also 
rejected as we observed both teams increase their VAT accumulation but MBB has higher 
accumulation than BSB.  
Table 4.3 Means of the Body Weight and Composition in MBB and BSB Before and After 
the Season 
 Weight (lb) FM (lb) VAT (lb) BMD 
MBB – Pre 202.83(±26.9) 30.03(±10.6) 0.52 (±0.19) 2.79 (±0.9) 
MBB – End 205.86(±26.2) 28.92(±10.5) 0.56(±0.21) 2.99 (±0.9)A 
BSB – Pre 192.02 (±11.0) 34.81 (±5.6) 0.41 (±0.3) 2.39(±1.0) 
BSB – End 192.06 (±9.8) 34.19 (±5.9) 0.41 (+0.30) 2.51 (±1.0) 
Overall -Pre 197.43(±21.0) 32.42(±8.7) 0.46(±0.28) 2.59(±1.0) 
Overall – End 198.96(±20.7) 31.55 (±8.8) 0.49 (±0.26) 2.75(±1.0)A 
 
 
 
Figure 4.9 Distribution of Bone Mineral Density in MBB and BSB Over a Season 
d, significantly different from pre-season scans  
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Body weights were obtained by a medically calibrated balance-beam scale. “A,” significant when compared to pre-
season - p < 0.00625.  
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5. Discussion 
The purpose of this study was to evaluate the body composition (BC) of athletes in 
various sports at the US collegiate level using DXA and anthropometry. Analyses were done at 
the start of each season for each sport and repeated after a competitive season for the two of the 
sports.  Using DXA captures the variations of body composition including  BMD in athletes that 
are generally caused by a variety of  different mechanical stressors as well as ethnicity, genetics, 
and nutritional intake of the athlete. It should be noted that BMD is an important body 
composition characteristic in athletes and non-athletes, and can be measured by DXA (or CT), 
but not most commonly used BC analysis methods. Moreover, DXA BC analysis data differs 
from other methods, such as UWW, ADP, BIA, and SKF so it is important to consider the 
methods used when comparing findings from various studies. In addition, another unique and 
valuable benefit of DXA scans is that recently-developed software estimates VAT, a potentially 
very important effector of health. An athlete’s performance and health may benefit from a better 
understanding and recording their BC values such as FM, FFM, VAT, and BMD.  Therefore, we 
believe the present study provides important information, and to the author’s knowledge, novel 
information regarding BC of select Division 1 NCAA athletes.   
5.1. Height  
Over the last few decades, robust changes in sports-specific training, strength training, 
and nutritional programs may have improved physiological adaptations in athletes. In general, 
current generations are taller and larger in stature than the previous generations and this can 
affect BC values such as the estimation of FFM (Sonksen, 2016). At the same time, it is 
commonly accepted that athletes are taller and have higher FFM than their age-matched non-
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athlete counterparts (Sonksen, 2016).  All of the sports observed in this study, except MBB, 
followed this trend of younger generations being taller than the previous.  In this study, BSB 
student-athletes are slightly taller (72.7 inches) on average than participants of the studies done 
previously that reported values of 70.4 inches (Loenneke et al., 2013) and 71.6 inches (Oates & 
Oates, 2009; Oates, Oates, & Barden, 2009). VB student-athletes in our study were observed to 
be taller (70.2 ± 4.0inches [178.4±10.1 cm]) than older and international populations (see Table 
2.8) (Anderson, 2010; Bayios et al., 2006; Santos et al., 2014). 
 But, our VB student-athletes are shorter than some recently observed heights of 
American NCAA and elite/Olympic level VB athletes from around the world (See Table 5.1) 
(Carbuhn et al., 2010; Ćopić, Dopsaj, Ivanović, Nešić, & Jarić, 2014; Fernández, Rubiano, & 
Hoyos, 2017; Maddalozzo et al., 2002; Martín-Matillas et al., 2014; Nikolaidis, Ziv, Arnon, & 
Lidor, 2012; Stanforth et al., 2014).  The WSOC student-athletes were taller than recently 
observed NCAA female soccer student-athletes and national-level female soccer players (Arena 
et al., 2017; Ballard et al., 2004; Brännström et al., 2017; Datson et al., 2014; Esco et al., 2015; 
Ferry et al., 2011; Minett, Binkley, Weidauer, & Specker, 2017; Randers et al., 2013; Stanforth 
et al., 2014).   
5.2. Fat Mass 
It has been acknowledged and reported that athletes in general will have lower percentage 
of FM than non-athletic counterpart (Malina, 2007; Santos et al., 2014). However, not all sports 
share this outcome or hold this standard due to differences in specific requirements for specific 
sports. In our study, we note that gender accounted for the pattern of differences in relative 
amounts of FM and FFM.  In other words, while sport-specific training and conditioning 
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influences the amount of FM, FFM, and BMD, the distribution of FM can be accounted for by 
gender (see Table 2.4). 
We measured percentage of FM (%BF, %BF = total fat mass ÷ total mass) in the athletes 
to compare the teams in our study and to compare to other studies. In our study, BSB student-
athletes were leaner (18.7%) when compared to other studies (20.4%, Loenneke et al. (2013) and 
22.2%, Oates and Oates (2009); Oates et al. (2009)) that used DXA as a BC method. In a 
different study, Rossi et al. (2017) observed that their BSB players weighed less and had less 
body fat (~13.0%) as compared to our study (18.7%). This data cannot be directly compared to 
our study since their heights were not presented in the paper, as one cannot discern whether the 
athlete is under or over-weight for his body size.  Rossi et al. (2017) also used ADP and not 
DXA, therefore our results are not comparable to Rossi’s since there are inherent differences in 
the method of assessment. VB student-athletes were had higher %BF (27.8%) in this study 
compared to other studies that used DXA (see Table 2.8) (Ćopić et al., 2014; Fernández et al., 
2017; Martín-Matillas et al., 2014; Mielgo-Ayuso, Zourdos, Calleja-González, Urdampilleta, & 
Ostojic, 2015; Nikolaidis et al., 2012; Santos et al., 2014; Stanforth et al., 2014).  WSOC was 
observed to have higher %BF (25%) when compared to other studies as well (Brännström et al., 
2017; Esco et al., 2015; Ferry et al., 2011; Johnson, 2016; Minett et al., 2017; Reed et al., 2013; 
Stanforth et al., 2014).   
In regard to collegiate basketball student-athletes, we have not yet found other studies 
that specifically looked at 18 and older collegiate or professional basketball players using DXA 
as a method. However, when comparing with Portuguese 16 – 18 year-old basketball players, the 
student-athletes in this study had similar %BF amounts (~15% %BF) (Santos et al., 2014).  
When comparing with prior studies conducted in the 1990s or with NBA professionals (see 
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Table 2.5), the MBB student-athletes in this study had more FM in comparison (Bolonchuk et 
al., 1991; Gonzalez et al., 2013; Latin et al., 1994; Tavino, Bowers, & Archer, 1995).   
However, once again this comparison is difficult because methods other than DXA were 
used.  The unfavorable or not optimal amounts of FM in most of the student-athletes in our 
population may be explained by factors that were not controlled but have strong influences such 
as strength training, nutrition, health, and environmental stressors.  In the observations of over-
the-season changes in BC, there were marginal differences from pre-season to end-season scans.  
For MBB and BSB, there was a reduction in FM but not of significance, especially as the 
student-athletes were able to gain FFM and VAT.  
5.3. Visceral Adipose Tissue 
Recent studies have shown that it is important to understand VAT since it is not only 
associated with the relative and absolute amounts of FM, but is also influenced by the amount of 
psychological stress on the individual which is a risk factor of metabolic disease (Bosch et al., 
2014; Mittendorfer, 2011). In this study, a small correlation was observed wherein VAT amounts 
increased with body height but when calculating for cardiometabolic risk using VAT, the area is 
significantly smaller than the lowest quintile value for risk (Kaess et al., 2012; Miazgowski et al., 
2017). For example, with many cardiometabolic factors, VAT follows a sex pattern as seen in 
our study that males had significantly higher VAT than females; but we noted differences 
between the individual male sports, as well.  It was observed that there was no VAT present in 
some of the female athletes while all male athletes had VAT present. Other authors have 
observed a pattern no measured VAT amongst female athletes, as well (Jennewine, 2015; Taylor 
et al., 2010).  Current literature and review suggested that high levels of aerobic exercise utilizes 
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triglycerides and non-esterified fatty acids from VAT over lipids from subcutaneous adipose 
tissue (Ibrahim, 2010; Thompson, Karpe, Lafontan, & Frayn, 2012). This leaves the question to 
why some sports that have a higher aerobic workload like MBB, have higher VAT amounts than 
sedentary sports.   
With that said, the perception that athletes are generally healthy is based on 
cardiorespiratory fitness and exercise capacity (Bayios et al., 2006; Bosch et al., 2015b; Lee et 
al., 1999).  Alternative factors like VAT, FMI, and FFMI, could be markers or indicator of health 
in this population but additional studies are required and warranted. 
5.4. FMI and FFMI 
Measuring FM and FFM is highly dependent on the availability of the method to measure 
BC.  In studies that do FMI in athletes, the observers use SKF to assess FM while studies that 
address FMI in non-athletic and disease states use more precise tools to measure FM. In Europe, 
standard of practice for BC, especially for sports, has been using an accredited anthropometrist 
(ISAK Level 2) to perform SKF measurements (Iga, Scott, George, & Drust, 2014).  DXA 
software can calculate FM index and FFM Index (also known as Body Fat Mass Index and Lean 
Body Mass Index, respectively), and in this study these values were manually calculated.  
Observations in FFMI showed that trends were suggested between genders, and when compared 
to other studies this study indicated higher values in FFMI (Santos et al., 2014). When compared 
to a larger population, of 18 – 34 year old non-athletes, the MBB and BSB student-athletes were 
observed to be in the 95th and 90th percentile, respectively, while the women’s sports are in the 
75th percentile (Schutz, Kyle, & Pichard, 2002).  FMI showed varied results that were parallel to 
FM values reported previously.  When comparing FMI values to a large population of 18 -34 
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year old, MBB was at the 50th percentile, WSOC was 70th percentile and BSB and VB were both 
at the 75th percentile (Schutz et al., 2002). FMI has also been associated and reported to be a risk 
factor for cardiometabolic diseases.  When comparing the FMI results, the VB student-athletes 
may be at a higher risk (a 15% increase) for metabolic syndrome compared to the general 
population (Liu, Ma, Lou, & Liu, 2013).  In the literature, current use of FMI and FFMI has been 
directed towards recognizing catabolic states or malnutrition (VanItallie, Yang, Heymsfield, 
Funk, & Boileau, 1990). Investigation into the utility of FMI and FFMI values could have better 
sensitivity to an athletic population when addressing weight management, female athlete triad, 
and other disease states.   
5.5. BMD  
Before the use of DXA, FFM included bone mineral and this presented a potential source 
of error because bone metabolism can be affected by various mechanical stressors, vitamin D 
levels, health, ethnicities, and nutrition of athlete. Therefore, the inability to quantify bone 
separately from lean mass created a larger discrepancy in previous 2-compartment model 
methods (BIA, SKF, Densitometry).  DXA allows the direct measurement of bone, which has 
been shown to vary in athletes of different sports (Oates & Oates, 2009). In this study, all of the 
student-athletes that participated had higher BMD values when compared to BMD means from 
other reported studies.  In this study, it was observed that all sports had fairly high Z-scores 
(mean ≥ 2.4), with WSOC having the lowest average of 2.4.  It was also observed that the court-
based sports had higher BMD values than the field-based sports although this did not reach 
significance. It is generally understood that mechanical stressors from ground reaction forces can 
increase BMD, which can explain the trend observed with MBB and VB having higher values 
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than BSB and WSOC (Martin, 2015).  When comparing to other sources, WSOC had higher 
values than northern European counterparts by a full 1.0 (see Table 5.2) (Brännström et al., 
2017; Ferry et al., 2011). There were few reported values for BMD in BSB players. One study 
reported lower BMD than the players in our study (2.5 vs 1.3, Z-score) (Oates & Oates, 2009; 
Oates et al., 2009).  Fewer studies have observed BMD values in male basketball players, but 
from the few that have been reported, MBB student athletes in our study had higher relative 
values (2.9 Z-score) in comparison to another study (1.03, Z-score) (Santos et al., 2014).  A 
possible reason for the larger discrepancies between these groups could be due to the higher 
vitamin D status from higher amounts of UV exposure in California. Other factors include higher 
intake of dairy products and strength training programs. Interestingly, when comparing pre- and 
end-of season BMD values in male sports, it was observed that BMD increased over the season 
in both sports. Increased time with sports-specific training, strength training, and modest increase 
in FFM could explain this finding. 
It is important to measure BMD in women, since this population can be highly 
susceptible to osteoporosis, body dysmorphia, and other weight-related issues. Accruing bone 
mineral and increasing bone mass is important for everyone.  Women need to be more proactive 
in establishing high bone mass during the adolescent period as peak calcium absorption and 
BMD occurs in a women’s late-teens/early-twenties (Bemben, Buchanan, Bemben, & Knehans, 
2004; Creighton, Morgan, Boardley, & Brolinson, 2001; Ferry et al., 2011). After these years, 
maintenance is a key to keeping a high BMD.  To achieve a high BMD, mechanical stressors 
from movement, impact, and ground reaction forces, like in sports such as soccer and volleyball, 
help increase BMD by remodeling bones to withstand these stressors (Bemben et al., 2004; 
Creighton et al., 2001; Recker et al., 1992).  It has been shown that women who participate in 
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physical activity have higher BMD (Andreoli et al., 2001; Carbuhn et al., 2010; Ferry et al., 
2011; Minett et al., 2017; Recker et al., 1992). This BMD remains high if continued activity 
occurs through middle age and post-menopause (Creighton et al., 2001; Ito et al., 2001; Minett et 
al., 2017) . For the health of the female athlete, other disease states may be of more concern such 
as the female athlete triad syndrome, amenorrhea, sports induced anemia, anemia, and others 
(Bemben et al., 2004; Carbuhn et al., 2010; Creighton et al., 2001; Minett et al., 2017; Recker et 
al., 1992). Retaining FFM helps retain BMD, but low weight in general has been shown to cause 
some of these disease states while allowing susceptibility to low BMD (Bemben et al., 2004; 
Carbuhn et al., 2010; Datson et al., 2014; Santos et al., 2014). Utilizing DXA as a screening tool 
can provide extra information to prevent possible adverse situations (Santos et al., 2014).  
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6. Summary/Conclusion 
The present study was performed to assess the BC values of collegiate athletes using 
DXA and compare the differences between various American collegiate sports. Pre-season scans 
of athletes in the sports: MBB, BSB, VB, and WSOC, were used to establish a baseline value 
and compare athletes who trained in their specific sport.  Additional scans were performed in 
MBB and BSB at the end of their respective season, to observe if the stressors of a competitive 
season alter BC.  Primary DXA outcomes were to measure FM, FFM, BMD, and VAT. This 
study is the first to present VAT of the collegiate athletic population.  
Differences in sports showed a strong correlation between frame size (height) and FFM.  
This is apparent between MBB and BSB as there is a significant difference in height and FFM (p 
< 0.0001). After normalizing for height, FFM was seen to be correlated with sex than to a 
specific sport, which was further elucidated by the fat free mass index (FFMI).  FFMI showed a 
clear division between sexes where men had larger FFMI (21.0 kg/m2) than women (16.7 kg/m2).  
Body adiposity varied with sex and sport as well. Higher FM values relative to total body weight 
(%BF) was observed in female athletes than males (27.8% VB and 25% WSOC vs. 18.7% BSB 
and 14.8% MBB). Yet we did see that some of the male and female shared the similar amounts 
of FM (35.0 lb WSOC and 36.1 lb BSB).  While FM showed differences between sport, FMI 
showed larger differences between sexes. FMI may be a more powerful tool to use than %BF as 
this value may be a better representation of necessary FM and non-optimal amounts of FM. 
Differences in FM were also observed when dividing the athletic populations by sport 
type (e.g. power vs endurance) where power-based sports had higher %BF than endurance types. 
A similar trend should have been observed with VAT but was observed to be the opposite. It was 
noted that the higher FFM values correlated with the larger the VAT values. Within VAT, the 
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sex explained majority of the differences, as higher percentages of non-existent values (0.00 lbs. 
of VAT) are noted in female athletes than males.   
The results of our study would serve the purpose of assisting the coaches and training 
staff to design training and nutritional programs for collegiate student-athletes. In addition, this 
could provide interesting comparisons to the sedentary populations as a way of examining 
additional benefits of exercise. Based on the findings of this study, health professional should be 
encouraged to obtain FMI values instead of BMI values for clinical or epidemiological studies in 
athletic populations, because FMI values show more accurate correlations with health risk-
factors in non-athletic populations. This study also provides a foundation for VAT values in 
various collegiate athletic populations and proposes that measuring VAT will be useful in 
determining nutritional and training programs for athletes and non-athletes.   
6.1. Future Considerations 
This thesis presents the analyses of a select set of data pertaining to BC extracted from the 
DXA’s output generated by the EnCORE software. Other fields of the DXA output include: 
appendicular lean soft tissue mass, lean mass, android, and gynoid values.  Along with femoral 
neck and lumbar spine scans, these data can help investigate topics such as: 
• Measuring skeletal tissue mass (Kim et al., 2004; Kim et al., 2002) 
• Observation of nutritional and training interventions on body segmental inertial 
parameters (Arena et al., 2017) 
Additionally, while the study addresses various sports and genders, there are other issues 
that should be addressed:  
• Observation and comparison of all NCAA sports and of genders 
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• Investigate the lack of VAT in female athletes by including more sports and 
training experiences 
• Establishing reference level of FMI and FFMI values for all sports 
• Randomized control dietary intervention in the sports analyzed in this study and 
other sports that have both genders  
• Interventional studies or observational studies over the season (Minett et al., 
2017; Stanforth et al., 2014) 
Other investigations can include performance data to create correlations and investigate 
into causations of changes in certain tissues like FFM, BMD, and VAT. These analyses should 
be conducted for all sports. 
Current literature presents more research regarding women’s sports than men’s sports.  
These studies could help investigate gender differences in accumulation or absence of 
accumulation of tissues, as seen in this study where women had no VAT.  Finally, further 
investigations into measuring blood lipid panels, hormones, and circulating cytokines may 
provide a mechanism by which accumulation of certain tissues occurs and if there is a threshold 
value that can be avoided. 
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